In addition to its well-known vasodilating action, endothelial nitric oxide (NO) inhibits platelet aggregation, thrombogenesis, leukocyte adhesion, and proliferation of vascular smooth muscle cells.
Effect of Methanol Extract of Sorbus Cortex in a Rat Model of L-NAMEInduced Atherosclerosis
Chronic inhibition of nitric oxide (NO) synthesis by administration of high dose of N G -nitro-L-arginine methylester (L-NAME) induces vascular inflammation and subsequent atherosclerosis. We aimed to investigate whether the methanol extract of Sorbus commixta cortex (MSC) is able to prevent inflammatory process in a rat model of L-NAME-induced atherosclerosis. Chronic treatment with low or high doses of MSC prevented the L-NAME-induced increase in monocyte chemoattractant protein-1 (MCP-1) and nuclear factor-k kB (NF-k kB) p65 expressions as well as adhesion molecules including intercellular adhesion molecule-1 (ICAM-1) and vascular cell adhesion molecule-1 (VCAM-1), and E-selectin in aorta. In addition, increased endothelin-1 (ET-1) and angiotensin converting enzyme (ACE) expressions and decreased endothelial cell NO synthase (ecNOS) expression in aorta from L-NAME treated group was reversed by treatment with MSC. From the histological examinaaccording to MSC-treatment or MSC-untreatment, and maintained for additional 3 weeks. Thus, L-NAME was administered for 6 weeks to the appropriate groups. The five experimental groups are as follows: 1) control group; 2) MSCtreated (200 mg/kg/d) control group; 3) L-NAME group; 4) low dose MSC-treated (100 mg/kg/d) L-NAME group; 5) high dose MSC-treated (200 mg/kg/d) L-NAME group (nϭ8, each group).
Protein Preparation and Western Blot Analyses The thoracic aortae were homogenized with Polytron homogenizer at 3000 rpm in a solution containing 250 mmol/l sucrose, 1 mmol/l Ethylenediaminetetraacetic acid (EDTA), 0.1 mmol/l phenylmethylsulfonyl fluoride (PMSF) and 20 mmol/l potassium phosphate buffer, at pH 7.6. Large tissue debris and nuclear fragments were removed by two low speed spins in succession (1000 g, 5 min; 10000 g, 10 min) at 4°C. Supernatants from these low speed spins were ultracentrifuged at 100000 g for 1 h at 4°C. The pellet was resuspended for protein blotting and the protein concentration was determined by the method of Bradford 16) with bovine serum albumin as a standard. Protein samples (50 mg) were electrophoretically fractionated with a discontinuous system consisting of a 10% or 13% polyacrylamide resolving gels and 5% stacking gel, followed by transfer to a nitrocellulose membrane (Amersham, Buckinghamshire, England) at 20 V and 100 mA (current constant) overnight. The membrane was washed, blocked, and then incubated with primary antibodies Reverse Transcription-Polymerase Chain Reaction Total RNA was isolated using a Trizol reagent (Sigma, MI, U.S.A.) as suggested by the manufacturer. RNA concentrations were determined using spectrophotometer (Shimadzu, Kyoto, Japan). 5 mg of RNA was used for reverse transcription-polymerase chain reaction (PCR) using thermal cycler (MJ Research Inc., Waltham, MA, U.S.A.). The following sequence was performed for each PCR reaction: 94°C for 1 min (1 cycle); 94°C for 1 min, 60°C for 1 min, and 72°C for 2 min (with variable number of cycle); and a final extension phase at 72°C for 7 min. The number of cycles for ET-1 and actin were 30. Primer sequences used for analyses of ET-1 and GAPDH mRNAs are as follows. ET-1 (sense): 5Ј-ATG GAT TAT TTT CCC GTG AT-3Ј; ET-1 (anti-sense): 5Ј-GGG AGT GTT GAC CCA GAT GA-3Ј; GAPDH (sense): 5Ј-TCA TTG ACC TCA ACT ACA-3Ј; GAPDH (anti-sense). 5Ј-CAA AGT TGT CAT GGA TGA CC-3Ј. PCR products were run on a 1.5% agarose gel containing 0.5 mg/ml ethidium bromide (EtBr). The lengths of the amplicons were 230 and 460 base pairs for ET-1 and GAPDH, respectively.
Histological Examination The aortae isolated from each group were fixed in 10% (v/v) formalin in 50 mM potassium phosphate buffer (pH 7.0) for 24 h at 4°C. The tissues were subsequently embeded in paraffin, sectioned (4 mm) and stained with hematoxylin and eosin. Slides were examined under the light microscope for histopathological changes. Representative sections were photographed using Olympus automatic photo micrographic system (Tokyo, Japan). Statistical Analysis Results were expressed as means ϮS.E.M. The statistical significance of difference between the group means was determined using one-way ANOVA and Student's t-test.
RESULTS
Aortic Expressions of NF-k kB p65 and MCP-1 Aortic MCP-1 and NF-kB p65 expression levels, examined by Western blot analyses, were significantly greater in the L-NAME group than in the control group ( pϽ0.05 for MCP-1; pϽ0.01 for NF-kB p65) (Fig. 1) . The increased MCP-1 and NF-kB p65 expressions were prevented by both low dose and high dose MSC-treatments ( pϽ0.01 vs. L-NAME group for MCP-1, each; pϽ0.05 vs. L-NAME group for NF-kB p65, each).
Aortic Expressions of Adhesion Molecules Expression levels of VCAM-1, ICAM-1, and E-selectin in the thoracic aorta were determined by Western blots using actin as an internal standard. Results were expressed as ratios between VCAM-1, ICAM-1, or E-selectin and actin. Expression levels of VCAM-1, ICAM-1, and E-selectin in the aorta were higher in the L-NAME treated group than in the control group ( pϽ0.05 for ICAM-1 and VCAM-1, each; pϽ0.01 for E-selelctin) (Fig. 2) . L-NAME-induced expressions of adhesion molecules were significantly inhibited in both low dose and high dose MSC-treated L-NAME group ( pϽ0.05 vs. L-NAME group for each of the adhesion molecules). Moreover, MSC lowered aortic ICAM-1 and E-selectin even in the vehicle-treated control group ( pϽ0.05, each).
Aortic Expressions of ACE and ecNOS Compared with the control group, the expression level of ACE in aortic tissue was significantly greater in the L-NAME group ( pϽ0.01) (Fig. 3) . Treatment with the low or high doses of MSC prevented the increases in aortic ACE expressions ( pϽ0.05 and pϽ0.01 vs. L-NAME group, respectively). On the other hand, the expression level of ecNOS in aortic tissue was significantly decreased in the L-NAME group compared with that of control group ( pϽ0.01) (Fig. 4) . The decreased ecNOS expression was restored by treatment with the low or high doses of MSC with more significant improvement in high dose MSC-treated L-NAME group ( pϽ0.05 and pϽ0.01 vs. L-NAME group, respectively).
Aortic ET-1 mRNA Expression As shown in Figure 4 , the expression level of aortic ET-1 in the L-NAME-group was greater than in the control group ( pϽ0.01), but the increased level was attenuated by treatment with low and high doses of MSC ( pϽ0.01 vs. L-NAME group). Figure 5 shows H-E stained aortic segments from the experimental groups. In the aortic segment of the L-NAME group, there was pathologic change that included the thickening of intima and media (Fig, 5B) . These changes were ameliorated by the low or high doses of MSC treatment (Figs. 5C, D) .
Histological Examination

DISCUSSION
The results of the present study indicate that MSC treatment could suppress the L-NAME-induced inflammatory processes in the aorta from rats. MSC prevented the L-NAME-induced increase in the expressions of MCP-1 and NF-kB p65 as well as various adhesion molecules. The present study also showed that the L-NAME-mediated induction of ET-1 and ACE could be prevented by MSC treatment, whereas down-regulation of aortic ecNOS in the L-NAME group could be restored by treatment with MSC. In accordance with the molecular changes of the aortic segments from the L-NAME group, histological examinations revealed a thickening of intima and media with increased foam cells and smooth muscle cell proliferation which are compatible with the processes of atherosclerosis. Again, even these morphologic changes could be prevented by treatment with MSC. These data suggest novel anti-inflammatory effects of MSC beyond the salutary effects on endothelial dysfunction.
NO could inhibit the expression of cell adhesion molecules on the vascular endothelium. 10, 12) And, this inhibition of adhesion molecules by NO may represent one of its important anti-inflammatory and anti-atherosclerotic actions. Accordingly, it has been reported that chronic inhibition of endothelial NO synthesis by L-NAME to rats induces early vascular inflammatory changes, including monocyte infiltration into coronary vessels, NF-kB activation, and MCP-1 expression, as well as subsequent atherosclerosis. [17] [18] [19] Vascular pathophysiological and pathobiological events occurring after high dose of L-NAME administration to rats are similar to those seen in the course of human atherosclerosis.
After we recently observed that MSC activates endothelium-dependent NO-cyclic GMP signaling pathway, 15) we aimed to investigate if MSC treatment could prevent various vascular inflammatory and pathophysiological changes induced by high dose of L-NAME. In the L-NAME-treated rats, the expression of aortic ecNOS was significantly decreased in the present study. But, as expected, the decreased expression of aortic ecNOS in the L-NAMEtreated rats was restored by co-administration of MSC.
Furthermore, we revealed that treatment with MSC attenuates the increase of ACE expression in the aorta from the L-NAME treated rats. An increase in angiotensin II (Ang II) action mediated via type 1 receptor has been shown to cause vascular inflammation, oxidative stress, and then atherosclerosis. 20, 21) Therefore, the beneficial effects of MSC seen in the present study may be explained by the suppressions of vascular inflammation and ACE expression and by the upregulation of ecNOS.
ET-1 is also a potent vasoconstrictor peptide involved in homeostatic regulation of vascular smooth muscle tone, 22) and increased circulating ET-1 is associated with many cardiovascular disorders, including congestive heart failure, hypertension, and atherosclerosis. 23) Here we show that the co-administration of MSC is able to attenuate the enhanced expression of ET-1 in aorta from the L-NAME-treated rats. An important link between vasoactive molecules and inflammation is NF-kB. NF-kB is a critical signal molecule in various inflammatory processes and in pathophysiologic responses to a variety of stimuli that include growth factors, lymphokines, UV irradiation, pharmacological agents, and oxidative stress. 24) The vasoactive molecules including Ang II and ET-1 could stimulate NF-kB in monocytes/ macrophages and vascular smooth muscle cells (VSMCs), resulting in up-regulation of the proinflammatory molecules such as MCP-1. 25) In the present study, the expression levels of ACE and ET-1 in the aorta were augmented in the L-NAME-treated rats, but restored by treatment with low or high dose of MSC. These pathophysiologic changes by chronic L-NAME administration and therapeutic responses to MSC were paralleled by changes with similar trend in the expressions of NF-kB p65 and MCP-1. In rats with L-NAME-treated atherosclerosis, the expression levels of MCP-1 as well as NF-kB p65 were higher than in the control group. The up-regulations of MCP-1 and NF-kB p65 were restored to normal levels in responses to both low and high dose MSC treatments.
In addition, NF-kB is a main transcription factor that up-regulates the expression of adhesion molecules in various inflammatory disorders. The inflammatory reactions involve the complex interactions between inflammatory cells and vascular cells. 9, 10) In the present study, the increased levels of aortic adhesion molecules including ICAM-1, VCAM-1, and E-selectin in rats with L-NAME-induced atherosclerosis were normalized by treatment with MSC. Unexpectedly, high dose of MSC treatment lowered aortic ICAM-1 and E-selectin even in the vehicle-treated control group. Nonetheless, the exact mechanism of the inhibitory effect of MSC on vascular inflammation is not completely clear in the present study, the results suggest that MSC treatment decreases vascular adhesion molecules through suppression of NF-kB expression in this experiment model.
In conclusion, our results suggest that MSC treatment can prevent the atherosclerosis induced by L-NAME by suppressing the vascular over-expression of ET-1 and ACE, pro-inflammatory transcription factor, proinflammatory cytokines, and adhesion molecules as well as by augmenting vascular ecNOS. istry of Science (MOST) and Technology of Korean government and Korea Institute of Science & Technology Evaluation and Planning (KISTEP).
